cohorts as they are neither age nor BMI matched, however, the increase within 2 years of MRI-based signs of osteophytes and meniscal lesions is remarkable. Even though the level is well below any pathology in the adolescent athletes, the findings of this study indicates that high frequency training in competitive sports like volleyball show already within two years significant signs of structural tissue pathologies. These pathologies increase substantially over time to levels well above of intact control knees but below those of osteoarthritis patients.
Purpose: The sequence of events leading to osteoarthritis (OA) after joint injury such as an acute anterior cruciate ligament (ACL) tear is poorly understood. Increasing evidence suggests that subchondral bone plays an important role, and may even precede cartilage loss. However, the nature of the bone changes that may be linked to OA progression is unclear as both high and low bone mineral density (BMD) has been associated with radiographic OA. To date, in vivo x-ray bone assessment in the human knee includes radiography, 3D quantitative computed tomography (QCT) at resolutions of 500 mm or larger. Magnetic resonance imaging (MRI) provides excellent visualization and quantification of soft tissues such as cartilage, but is less suited to detect bone microarchitectural changes. Recently, high-resolution peripheral QCT (HR-pQCT) scanners have been employed to assess bone microarchitecture in peripheral limbs. The new development of the second generation scanner (XtremeCTII, Scanco Medical) with a larger field of view (FOV, 14 cm), longer gantry (115 cm), and increased scan length (20 cm) allows examination of skeletal sites such as the knee and elbow. The purpose of this study was to establish a technique for measuring in vivo bone microarchitecture in human knees, with and without ACL reconstruction (ACLR), using HR-pQCT. Methods: To perform bone microarchitectural assessments of the knee by HR-pQCT, we designed a restraint to statically support the knee in the scanner FOV. We established a scanning protocol (61 mm voxel size, 100 ms integration time, 900 projections/180 degree) to acquire a 6 cm long region of interest (ROI) that includes approximately 2 cm of the proximal tibia and 4 cm of the distal femur. We scanned 5 individuals with no history of knee joint injury and 4 with a knee injury (1 OA patient; 3 with ACLR 6 months to 15 years prior). Visualization and trabecular bone assessment was performed after data was Gaussian filtered and thresholded (475 mg HA/ccm) to segment bone from soft tissue. We performed virtual biopsies (125 cmm) to examine trabecular bone volume fraction, number, thickness and separation in the medial and lateral tibial plateaus of the injured and non-injured knees. We examined the peri-tunnel BMD (mg HA/ccm) in the ACLR knees. Results: Using our device, we were able to position 8 of 9 participants fully in the FOV (The femur girth of one ACL-repaired participant was wide (44 cm) and some soft tissue was outside the FOV). Total scan time for a 6 cm ROI is 25 min, which will be reduced in the near future with manufacturer's modifications. The scans generated~8 GB grey-scale data sets and~50 MB segmented data sets. Trabecular microarchitecture was resolved in all scans (Fig 1) . There were no apparent differences in trabecular microarchitecture between injured and contralateral tibiae. Unlike the OA knee, none of the ACLR knees exhibited degenerative signs. We could clearly visualize the tibial tunnel (Fig 2) and the distal end of the femoral tunnel(s) in all 3 ACLR participants. The peri-tunnel surface was more dense (mean ¼ 575 mg HA/ccm) than the adjacent trabecular region (mean ¼ 168 mg HA/ccm) and increased with time since ACL-repair (515 mg HA/ccm after 6 months vs. 626 mg HA/ccm after 15 years).
Conclusions:
We have performed the first high-resolution (61 mm) bone microarchitectural measurements at the human knee in vivo. While our focus was on assessing bone, we noted that cartilage provided significant contrast in regions of the knee joint suggesting it may be possible to examine further. Our future work will expand our cohort and standardize post-processing techniques to automatically define medial and lateral compartments, as well as perform analysis as a function of depth from the cartilage surface. Our goal is to characterize microarchitectural bone changes, including bone marrow lesions, that may be associated with the detection and progression of osteoarthritis. Purpose: Early diagnosis of osteoarthritis (OA) of the knee is essential to prevent further cartilage destruction and to avoid surgery. The aims of this study were to evaluate the quality of cartilage in the femoral condyle of the knee, to clarify the relationship between echoic findings, OA symptoms and muscle power, and to determine the effectiveness of ultrasonography to diagnose early OA in the knee. Methods: We enrolled 973 Japanese volunteers (322 men and 651 women; mean age ¼ 72 years; age range: 41-93 years). They received routine bilateral standing X-rays and ultrasonic examinations. The maximum quadriceps strength/weight ratio and JKOM (Japanese Knee Osteoarthritis Measure: definition of asymptomatic OA is under 10 points of Visual Analogue Scale:VAS) were also determined. X-rays were graded according to the Kellgren-Lawrence (K-L) classification. Ultrasonography was used to evaluate cartilage quality of the medial and lateral femoral condyle (Apron EUB-7000HV, 14-6 HZ probe, HITACHI, Japan). The probe was placed parallel to the sagittal plane of the medial and lateral distal femoral condyle of the weight bearing area while the knee was in a 90-120 degree flexion position. Echoic findings were classified by four acoustic variables: (1) smooth cartilage superficial layer and low intensity of cartilage (negative finding); (2) smooth cartilage and high intensity (positive finding); (3) roughness of the cartilage and low intensity (positive finding); (4) roughness of the cartilage and high intensity (positive finding). Echoic findings were evaluated on the medial condyle in medial type of OA and the lateral condyle in lateral type of OA, respectively. Echoic classification in each X-ray K-L grade was examined. The proportions of echoic positive findings of symptomatic and asymptomatic OA volunteers were also examined. In knees with K-L grades 0-1, muscle power and JCOM were compared between echoic grades 1 and 4. Results: By K-L classification, 889 knees (45.6%) were grade 0-I, 549 (28.2%) were grade II, and 508 (26.1%) were grades III and IV. The proportions of knees with (1) superficial layer roughness and (2) high intensity cartilage were: Grade 0-I, 537 (60%), 267 (30%); Grade II, 398 (72%), 171 (31%); and Grades III & IV, 454 (85%), 268 (60%), respectively. As the K-L grade increased, echoic findings were significantly detected (P < 0.05). Echoic findings were positive in 85% of asymptomatic and 95% of symptomatic OA volunteers. In knees with K-L grades 0-I, extension muscle strength was significantly higher in echoic grade 1 than in echoic grade 4. Our results show that the proportions of knees with medial or lateral condyle roughness and high intensity cartilage were significantly detected as the K-L grade increased. Moreover, ultrasonography could detect early changes of the superficial layer and cartilage quality in 74% of K-L grade 0-I knees and 85% of asymptomatic OA knees. The extension power with positive echoic findings in K-L grade 0-I were significantly lower than in knees with negative echoic findings. These results suggest that echoic findings detect early OA changes of cartilage and these findings correlated with knee extension muscle power. Conclusions: The evaluation of cartilage quality by ultrasonography may be useful for the diagnosis of early grade OA of the knee and asymptomatic OA. Purpose: Knee injuries are one of the most common and serious injuries that Australian Rules Football (AFL) players experience. Knee injuries are a major risk factor for the development of osteoarthritis (OA) and footballers are at an increased risk of developing pain and disability at an early age due to their injuries. There is evidence suggesting that some knee abnormalities commonly seen in OA are also present in athletes. For example, bone marrow lesions (BMLs) were found to be present in 14% of college level basketball players who were imaged before the season (Major et al, 2002) and cartilage defects were present in 17% of elite American Football players (Nepple et al, 2012) . However, very little is known about the clinical relevance of knee abnormalities in athletes. This study aimed to: 1) perform MRI scans on sub-elite AFL players to determine the prevalence of knee abnormalities; 2) examine the relationship of these abnormalities with knee pain and past knee injury history; and 3) examine the relationship between changes in knee structure and incident knee injuries. Methods: 75 male players (age 21, range 16-30 years) from the Tasmanian State Football League were enrolled in the study early in the playing season. Players had their height, weight and leg strength measured and provided questionnaire assessments of knee pain and function (VAS and KOOS), and history of knee injuries and surgeries. 58 players underwent a 1.5T MRI scan of both knees at baseline. Five months later, at the end of the season, clinical measurements were repeated on 63 and MRI scans on 44 players. Incident knee injuries during the season were recorded. Cartilage defects, BMLs, meniscal tears/extrusion, and effusion were assessed using validated and reliable methods on T1-weighted fat saturated (3D), and proton densityweighted fat saturated (2D) sequences. Results: 52% and 9% of players reported having a previous knee injury or surgery, respectively. The prevalence of MRI knee abnormalities at baseline is presented in Table 1 . In players with BMLs, knee pain and dysfunction were higher (VAS 3 vs 17, P<0.01; KOOS 6 vs 18, P¼0.03), and both previous knee injury and surgery were more common (21% vs 53%, P¼0.01; 0% vs 18%, P¼0.03, respectively). Similar findings were seen in players with meniscal tears/extrusion, though a trend towards significance was found with pain and dysfunction (P¼0.07). Previous injury was more common in those with an effusion (30% vs 47%, P¼0.07) and previous surgery was more common in those with cartilage defects (1% vs 21%, P<0.01). Ten players reported an incident knee injury during the season. These were associated with worsening knee pain and function (VAS -6 vs 27, P<0.01; KOOS -5 vs 21, P<0.01), the development of a new or enlarging BML (22% vs 67%, P<0.01) and incident cartilage defects (3% vs 17%, P¼0.03). Conclusions: MRI abnormalities commonly seen in OA are also common in sub-elite AFL players. They appear to be clinically significant as demonstrated by their associations with pain, function, injury and surgery. Interestingly, BMLs, a key pathological feature in OA, were particularly common. While they demonstrated clinical associations, BMLs were also present in players who were asymptomatic without a prior history of trauma (21/58 players). This suggests they may be a stress response to heavy loading in these players and their implication for long-term knee health is unknown. Purpose: Synovitis is common in osteoarthritis and manifests on MRI as thickening and enhancement of the synovial membrane after administration of intravenous contrast agent. However, use of contrast agent is not part of the clinical knee exam because it adds cost and complexity to the procedure. As an alternative, our group recently proposed a new method to image synovitis without contrast, through use of a modified Double Echo Steady State (DESS) sequence. We also developed an opensource plug-in for OsiriX software to automatically process the DESS scans. This study aims to demonstrate the new technique (processed with the plug-in) in a cohort of patients with synovitis. Methods: We acquired contrast-enhanced T1-weighted images and modified DESS images in ten patients with synovitis (6 female, 67±9 
